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Effect of Deposition Temperature on the Optical Properties of
LaM0Og:Dy*" ,Eu®* Phosphor Thin Films
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Abstract: Dy*" and Eu**-co-doped LaMoOs phosphor thin films were deposited on sapphire substrates by radio-frequency
magnetron sputtering at various growth temperatures. The phosphor thin films were characterized using X-ray diffraction
(XRD), scanning electron microscopy, ultraviolet-visible spectroscopy, and fluorescence spectrometry. The optical
transmittance, absorbance, bandgap, and photoluminescence intensity of the LaMoOg phosphor thin films were found to
depend on the growth temperature. The XRD patterns demonstrated that al the phosphor thin films, irrespective of
growth temperatures, had a tetragonal structure. The phosphor thin film deposited at a growth temperature of 100°C
indicated an average transmittance of 85.3% in the 400~1,100 nm wavelength range and a bandgap energy of 4.31 eV.
As the growth temperature increased, the bandgap energy gradually decreased. The emission spectra under ultraviolet
excitation at 268 nm exhibited an intense red emission line at 616 nm and a weak emission line a 699 nm due to the
*Dy—'F, and *Dy—F, transitions of the Eu® ions, respectively, and also featured a yellow emission band at 573 nm,

resulting from the *Fgz—°Hag, transition of the Dy**

ions. The results suggest that LaMoQOs phosphor thin films can be

used as light-emitting layers for inorganic thin film electroluminescent devices.
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Dy*'9} Eu®* o]@o] == La,MoOsDy*" Eu*" &%
A wloke elojont olIYEE AWEY WHS AL
5ho] Aptolof 7] 9jof] FAF 2= 100~400°CoflA /g
FAZACH A7 199519 La;MoOg:Dy™ Eu® AHE™
B2 27] ket 24 La0s (&% 99.9%), MoOs
(99.9%), Dy,03 (99.9%), Eu,03 (99.9%) 3}stof=2x o
2 ZH|5tg 1, 1AERSH(solid-state reaction process)

29 A7|=o do| 400°CoAlA 3AIRE S ska 57

T 1100COIA 5A1F St 47 AL Sato g
WheAl ()7 Zo| FwA Bare FAsigith ol

Dy,05} Eu,0s9] &reke 7zl
mol% =z A EistY T,

x=2.5 mol%e}t y=b

( 1—O.5X-O,5y)La203+M003+0.5XDy203+0.5yEu203
— Lagx-yMoOs: xDy, yEu (1)
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Fig. 1. Flow chat of the fabrication of LaMoOsDy* Eu**
thin films via solid-state reaction and sputtering methods.
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Fig. 2. XRD patterns of LaMoOgDy*" ,Eu® thin films deposited
at several growth temperatures.
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Fig. 3. SEM surface images of LagMoOG Dy3+ EU® thin fllms
deposited at () 100°C, (b) 200°C, (c) 300°C, and (d) 400°C.

Fig. 4. SEM cross-sectiond imeges of LzagMoOGDy3“'Eu3+ thin fllrrs
deposited & () 100°C, (b) 200°C, (c) 300°C, and (d) 400°C.
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Fig. 5. Transmittance and absorbance (inset) spectra of LaMoOg:

Dy* Eu** thin films deposited at several growth temperatures.
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Fig. 6. Band gap energy of LaMoOgDy*" EU® thin films deposited
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Fig. 7. Excitation spectra of LaMoOgDy* ,EU** thin films deposited
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Fig. 8. Photoluminescence spectra of LaMoOgDy* Eu® thin
films deposited at several growth temperatures.

0, 100°Cet 200°CofjA] AdArel wrato] 7Ho
HE 0] A|7|= n]okstedct.
ANz o2 zx exa AASE La,MoOg:
°3%K1l gtokg mhAl 268 nmZ o 7]|A1ZS
b (photoluminescence) A EH-S. LIE}L
W Zlojct A &% 100°Col|A] &AM La;MoOg:Dy™,
Eu™ A sofo] i AMEe 573, 616, 699
nmo|A] LAstF o, AF7]9 Dy*
o} Eu® o]0] 4f—~4f Mo|o] ©o]sfo] Gl T},
W oy oA 573 nmoj| A S e A
AdE™ L Dy* 0]29] “Fy,—°Hy, Holo] 95 }
LAYSH WY Alsolo], 616 nmet 699 nmo] P
AHEZ L Eu® 0]209] *Dy—'F,9}

&g Al
=125
AN

vtk AmEZ O

. Jjm

ot %
% -

(o]
‘];‘ | AMojo <Q5) Zrz: wAjst dhay
19]. Al &79 &4F A29ERH FojA A
st ubl Als= AMEN 3Al(selection rule) AJ=2
Z£35t= Eu® o]29] °Dy—'F, 7] 2R Aol
g g Alsoloh. A7) A Aole] 2o,
La;MoOs A] ZzE ol 9Jalab= Eu® o] 2 4%
Q1 7ol ol ke FaFS Wi, u]wA ol (non-
inversion symmetry) At2]o] YR|5t= Zoz dHA
IT} [20]. AL w7} S7Kgt] mat Dy o]2of o
g WAL WDt Bu® oo o3t &AM Wy awm
=l AVle SAsoR Bololel SA Ex 400C

oA zof &g A7]SE YRR F2 2= 400°Cof
A A47rE etatol A WEH 616 nm4 4 ubak AEE
Fo] A|7]+= 100°Cof|A] SAFSH vrako] ket Aj7]of H]

sto] of 5u} Z7tsteict.

2AT 391

'S
M
H

girjent UfIYER AmEY HHS AMEstY &
b ere watA7|HA AAAZ] La;MoOs Dy, Eu3*
A ufare] 24 1R, g4 Fabg, G Wic
7 oux], W AdE- O]l Hats F4stqlrt.
220 #AQI0] RE LaMoOs:Dy* Eu® @3] ghaf
o] A4 FxE= Y BACINT. 1 268 nm2 Y
Al Bfare of7|A1738 o, Dy* 0]29] “Fo/;>°Hys/, X0]
of oJgr 573 nmo| A Wgwt Eu* o]29] *Dy—'F,
Fo]e} *De—'Fy Holof 9Jgt 247} 616 nme}t 699 nm
o] A ghgo] FAo] WEE QT FAF 227t St
of wet v Wiy AdEO] o2 o] FokA] Aot
O}, ¥t A7 &xPAo g ZUVsHeich x| uhut
o] |t Eug2 FA 2% 100°CoA A A
uratol| A 85.3%0]%1 00, RIEZY offx]E 4.31 eVolRd
of. Al Autg BE, La;MoOgDy* Eu® @A 8fare
Wi wl clo] @ o TR wPoa 28517 A3t

_|>*'

PN
o1

- E o

QF e AxiAS AAIRC

ORCID

Shinho Cho https://orcid.org/0000-0002-2849-188X

aAel 2

o] =32 20179 = FR(wSH)9] RjYoz st=d
TRITe] R|¥S dro} 3REl 7] 2 A PLAIYY (NRF-
2017R1D1A3B03034497).

REFERENCES

[1] L.Wang, W. Guo, H. Hao, Q. Su, S. Jin, H. Li, X. Hu, L. Qin, W.
Gao, and G. Liu, Mater. Res. Bull,, 76, 459 (2016). [DOI:
https://doi.org/10.1016/j.materresbul.2016.01.013]

[2] J Fan, C. Yu, C. Qian, X. Fan, and G. Zhang, Microdectron.
Rdiab., 70, 179 (2017). [DOI: https.//doi.org/10.1016/.microrel.
2017.04.012]

[3] H. Fukada, K. Ueda, J. I. Ishino, T. Miyata, and T. Minami, Thin
Solid Films, 518, 3067 (2010). [DOI: https://doi.org/10.1016/
j-tsf.2009.08.014]

[4] S. Bar. H. Scheife, and G. Huber, Opt. Mater., 28, 681 (2006).
[DOI: https://doi.org/10.1016/j.optmat.2005.09.043]



392 J Korean Ing. Electr. Electron. Mater. Eng., Vol. 32, No. 5, pp. 387-392, September 2019: S Cho

[5] C. K. Lin, M. Yu, M. L. Pang, and J. Lin, Opt. Mater., 28, 913
(2006). [DOI: https://doi.org/10.1016/j.optmat.2005.04.009]

[6] T. Minami, T. Nakatani, T. Miyata, and T. Shirai, Surf. Coat.
Technol., 146, 508 (2001). [DOI: hitps.//doi.org/10.1016/s0257-
8972(01)01377-9]

[7] J Heo, S. A. Studenikin, and M. Cocivera, J. Lumin., 93, 313
(2001). [DOI: https://doi.org/10.1016/90022-2313(01)00207-1]

[8] A. Kawasumi, T. Nakajima, H. Kominami, Y. Nakanishi, and Y.
Hatanaka, J. Cryst. Growth, 214, 963 (2000). [DOI: https://doi.org/
10.1016/s0022-0248(00)00268-2]

[9] C. Eckert, C. Pflitsch, and B. Atakan, Prog. Org. Coat., 67, 116
(2010). [DOI: https://doi.org/10.1016/j.porgcoat.2009.10.018]

[10] V. I. Dimitrova, P. G. Van Patten, H. Richardson, and M. E.
Kordesch, Appl. Qurf. ., 175, 480 (2001). [DOI: https.//doi.org/
10.1016/50169-4332(01)00128-3]

[11] T.Koide, M. Ito, T. Kawai, and Y. Matsushima, Mater. Sci. Eng.,
B, 178, 306 (2013). [DOI: https://doi.org/10.1016/j.mseb.2012.
12.008]

[12] F. Meng, X. Zhang, H. Li, and H. J. Seo, J. Rare Earths, 30, 866
(2012). [DOI: https://doi.org/10.1016/S1002-0721(12)60147-1]

[13] W. Lin, R Ma, W. Shao, and B. Liu, Appl. Surf. ., 253, 5179
(2007). [DOI: https://doi.org/10.1016/j.apsusc.2006.11.032]

[14] J. Shinand S. Cho, J. Korean Phys. Soc., 74, 177 (2019). [DOI:
https://doi.org/10.3938/jkps.74.177]

[15] W. H. Chao, R. J. Wu, and T. B. Wu, J. Alloys Conpd., 506, 98
(2010). [DOI: https://doi.org/10.1016/j.jallcom.2010.04.136]

[16] K. Mahmood, S. Bashir, M.K.U. Rahman, N. Farid, M. Akram, A.
Hayat, and F. U. Hag, Surf. Rev. Lett., 20, 1350032 (2013). [DOI:
https://doi.org/10.1142/90218625x13500327)

[17] B.P. Yan, J. S. Luo, and Q. L. Zhang, J. Appl. Phys., 77, 4822
(1995). [DOI: https://doi.org/10.1063/1.359406]

[18] RG.A. Kumar, S. Hata, K. I. Ikeda, and K. G. Gopchandran,
Ceram Int., 41, 6037 (2015). [DOI: https://doi.org/10.1016/
j.ceramint.2015.01.051]

[19] M. D. Chambers, P. A. Rousseve, and D. R. Clarke, J. Lumin.,
129, 263 (2009). [DOI: https://doi.org/10.1016/j.jlumin.2008.
10.008]

[20] F. Bi, X. Dong, J. Wang, and G. Liu, Mater. Res, 18, 411
(2015). [DOI: https://doi.org/10.1590/1516-1439.351314]




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


